We present an exhaustive, quantitative comparison of all of the known extinction curves in the Small and Large Magellanic Clouds (LMC and SMC) with our understanding of the general behavior of Milky Way extinction curves. The R V dependent CCM relationship and the sample of extinction curves used to derive this relationship is used to describe the general behavior of Milky Way extinction curves. The ultraviolet portion of the SMC and LMC extinction curves are derived from archival IUE data, except for one new SMC extinction curve which was measured using HST/STIS observations. The optical extinction curves are derived from new (for the SMC) and literature UBVRI photometry (for the LMC). The near-infrared extinction curves are calculated mainly from 2MASS photometry supplemented with DENIS and new JHK photometry. For each extinction curve, we give R V = A(V )/E(B − V ) and N (HI) values which probe the same dust column as the extinction curve. We compare the properties of the SMC and LMC extinction curves with the CCM relationship three different ways: each curve by itself, the behavior of extinction at different wavelengths with R V , and behavior of the extinction curve FM fit parameters with R V . As has been found previously, we find that a small number of LMC extinction curves are consistent with the CCM relationship, but majority of the LMC and all of the SMC curves do not follow the CCM relationship. For the first time, we find that the CCM relationship seems to form a bound on the properties of all of the LMC and SMC extinction curves. This result strengthens the picture of dust extinction curves exhibit a continuum of properties between those found in the Milky Way and the SMC Bar. Tentative evidence based on the behavior of the extinction curves with dust-togas ratio suggests that the continuum of dust extinction curves is possibly caused by the environmental stresses of nearby star formation activity.
One of the main tools used in the study of dust grain properties is extinction curves, particularly ultraviolet (UV) extinction curves. The UV is where dust extinction is strongest and shows the large variations from region to region in the Milky Way (Witt, Bohlin, & Stecher 1984; Aiello et al. 1988; Fitzpatrick & Massa 1990; Clayton, Gordon, & Wolff 2000) , Large Magellanic Cloud (LMC) (Clayton & Martin 1985; Fitzpatrick 1986; Misselt, Clayton, & Gordon 1999) , and Small Magellanic Cloud (SMC) (Lequeux et al. 1982; Prèvot et al. 1984; Gordon & Clayton 1998) .
The work of Cardelli, Clayton, & Mathis (1989) found that most of the variation in Milky Way extinction curves could be described by an empirically relationship based on the single parameter R V = A V /E(B − V ). This was a major step forward in our understanding of dust properties and was possible only due to the existence in the literature of near-infrared photometry for a subset of stars in the Fitzpatrick & Massa (1990) sample. This allowed Cardelli, Clayton, & Mathis (1989) to determine R V values and transform the Fitzpatrick & Massa (1990) extinction curves to an absolute scale (i.e., normalized to A V instead of E(B −V )). These A V normalized curves had variations which were correlated with R V allowing Cardelli, Clayton, & Mathis (1989) to empirically derive the R V dependent CCM relationship. Since the R V value is a rough measure of average dust grain size, this gave a physical basis for the variations in extinction curves. It is worth noting that significant, small deviations from the CCM relationship are seen for individual sightlines (Mathis & Cardelli 1992) .
The one caveat on the result of Cardelli, Clayton, & Mathis (1989) is that the strength of UV dust extinction limits the measurement of UV dust extinction curves to low to moderate reddening sightlines. This results in a significant bias in measured UV extinction curves in the Milky Way to regions surrounding the Sun. In the one of the largest, detailed study of UV dust extinction curves in the Milky Way to date, Fitzpatrick & Massa (1990) presented curves for 78 sightlines and the average distance probed was 1.3 kpc. The CCM relationship was derived from a subset of the Fitzpatrick & Massa (1990) sample 1 and, as such, this relationship might only be valid for dust in our region of the Milky Way. Clayton, Gordon, & Wolff (2000) tested the validity of the CCM relationship for a larger region of the Milky Way by measuring UV extinction curves along very low-density sightlines. The 26 extinction curves in their sample had an average distance of 5.2 kpc. They found that 19 of the 26 extinction curves in their sample were qualitatively consistent with the CCM relationship. The remaining 7 curves had shapes which are not described by the CCM relationship and were qualitatively similar to those seen in the part of the Large Magellanic Cloud (LMC) (Misselt, Clayton, & Gordon 1999) associated with the LMC2 supershell (near the 30 Dor star formation region). These 7 curves were all clustered in the same region in the sky and this sightline through the galaxy displays evidence for shocked dust (Clayton, Gordon, & Wolff 2000) .
The CCM relationship seems to be a good description of Milky Way extinction curves with a few exceptions. This raises the question: Does the CCM relationship describe the dust outside of the Milky Way? In other words, are the extinction curves in other galaxies quantitatively similar to those in the Milky Way? Only in the Magellanic Clouds can this question be answered as these are the only two galaxies with reliably measured UV extinction curves. A full answer this question requires R V values for all the Magellanic Cloud extinction curves and this has only been possible with the recent release of the 2MASS observations of the Magellanic Clouds. This is the motivation for this paper. Even without all the needed R V measurements, previous work has gone a long way in answering the above question. It was quickly realized with the first few measured extinction curves in the LMC and SMC the that Clouds had curves which were similar to Milky Way curves as well as curves which were quite different. For example, the sightlines towards the LMC star Sk -69 108 (Nandy & Morgan 1978 ) and the SMC star AzV 456 (Lequeux et al. 1982) display Milky Way-like extinction curves. On the other hand, sightlines near 30-Dor in the LMC (Clayton & Martin 1985; Fitzpatrick 1986) and in the star forming Bar of the SMC (Prèvot et al. 1984) show definite non-Milky Way-like extinction curves especially in their 2175Å bump and far-UV rise strengths.
In order to move from a qualitative to a quantitative comparison of Magellanic Cloud and Milky Way extinction curves, R V values are needed for each extinction curve. This allows for the normalization of the extinction curves by A V instead of the usual E(B − V ) which the Cardelli, Clayton, & Mathis (1989) work proved was vitally important in understanding the true differences between extinction curves. While, the studies of Gordon & Clayton (1998) and Misselt, Clayton, & Gordon (1999) concentrated on deriving all the UV extinction curves possible with International Ultraviolet Explorer (IUE) archival data in the SMC and LMC, respectively, they also presented R V values for a subset of the SMC and LMC curves. Ideally, the R V values for each extinction curve should be derived from near-infrared photometry of both the reddened and comparison stars which make up each curve. This ensures that the measured extinction curve and R V value correspond to the same dust column and both are similarly corrected for foreground Milky Way dust. Due to the paucity of near-infrared photometry for their reddened and (especially) comparison stars, a majority of the R V values presented in Gordon & Clayton (1998) and Misselt, Clayton, & Gordon (1999) were based on assumed near-infrared intrinsic colors. In addition, the reddened stars' colors were not corrected for Milky Way foreground dust. This interjected a significant error in the R V values. For example, the foreground extinction can be up to 25% of the total extinction for the LMC extinction curves (Misselt, Clayton, & Gordon 1999) . This results in significant differences between R V values reported in these two studies and previous work (Morgan & Nandy 1982) . The release of the 2MASS data for the Magellanic Clouds makes it possible to correctly and accurately compute R V values for all the known extinction curves in the Magellanic Clouds (Gordon & Clayton 1998; Misselt, Clayton, & Gordon 1999 ) using the 2MASS near-infrared photometry of the reddened and comparison stars.
We combine archival International Ultraviolet Explorer (IUE) ultraviolet spectra, optical photometry, and the 2MASS (Skrutskie et al. 1997) and DENIS (Epchtein et al. 1999; Cioni et al. 2000) near-infrared photometry with new Hubble Space Telescope (HST) Space Telescope Imaging Spectrograph (STIS) ultraviolet spectroscopy and optical photometry to derive ultraviolet through near-infrared extinction curves for 24 sightlines in the Magellanic Clouds in §2. In the same section, we also measure the R V and H I column for all 24 extinction curves. In §3, we quantitatively compare Milky Way and Magellanic Cloud extinction curves as well as discuss various average Magellanic Cloud extinction curves and the existence or lack thereof of the 2175Å bump in the SMC Bar.
data
We present data on all the sightlines in the Magellanic Clouds which have UV extinction curves. The sightlines include 23 based on IUE data which have been published previously (Gordon & Clayton 1998; Misselt, Clayton, & Gordon 1999) and one based on STIS data which are published for the first time in this paper. For each sightline, we have gathered UV spectra and optical and near-infrared photometry for both the reddened and comparison stars. From these data, we have constructed UV to near-IR extinction curves using the standard pair method and measured R V and N (HI) values for each sightline.
Optical and Near-Infrared Photometry
The optical and near-infrared photometry for the reddened and comparison stars is given in Table A1 . UBVRI photometric data for all of the SMC stars as well as two of the LMC stars (Sk -67 36 and Sk -68 26), were obtained on observing runs during 1998 August and September, 1999 January, and 2001 August. The data were acquired at the 1.5-m telescope of the Cerro Tololo Inter-American Observatory (CTIO). A C31034A GaAs photomultiplier, UBVRI filter set #3, and the standard photoelectric data acquisition system were used. Extinction and transformation relations, including non-linear transformation relations were applied to the instrumental data. The final magnitudes and color indices are on the photometric system defined by Landolt (1992) . The UBV optical photometry for the remainder of the LMC stars was taken from Misselt, Clayton, & Gordon (1999) .
The JHK near-infrared photometry for most of the SMC and LMC stars was taken from the results of the 2MASS project (Skrutskie et al. 1997) . The JHK photometry for the SMC stars AzV 456 and AzV 462 was taken from Bouchet et al. (1985) . For two of the three LMC stars without 2MASS photometry, we used the DENIS (Epchtein et al. 1999; Cioni et al. 2000) JK photometry converted to the 2MASS system (Cutri et al. 2000) . For the one LMC star without 2MASS or DENIS photometry due to a nearby saturating star, we used JHK images of Sk -68 26 and its surrounding region which were taken using the Cerro Tololo InfraRed IMager (CIRIM) at the CTIO 1.5m. These images were taken on 15 Dec 1999 in non-photometric weather and each band was observed 4 times offsetting between positions for a total exposure time of 4 seconds. The field-of-view of the coadded images was approximately 200
′′ × 200 ′′ . In this region, 5 of the bright stars have 2MASS observations and we used these stars to calibrate the JHK fluxes for Sk -68 26 using differential photometry. The uncertainty in these measurements was calculated as the standard deviation of the mean of the the 5 measurements of the JHK magnitudes of Sk -68 26, one measurement per 2MASS star.
Ultraviolet Spectra
The UV spectra for all but two of the stars in this paper were taken from archival IUE observations. The specific IUE observations we used are given by Gordon & Clayton (1998) for the SMC stars and Misselt, Clayton, & Gordon (1999) for the LMC stars. The individual IUE observations were downloaded from the MAST archive at Space Telescope Science Institute (STScI) and were coadded to produce a single spectrum from 1150 to 3225Å with a resolution of approximately 400. The calibration of these spectra was improved using the results of Massa & Fitzpatrick (2000) who found that the signal-to-noise of IUE low-dispersion data could be significantly improved over that provided in the IUE archive.
The UV spectra for the final two stars (AzV 23 and 404) were taken with the STIS instrument on HST as part of our GO program #8198. The spectra were taken using the 52x0.5
′′ slit with the G140L and G230L gratings. The individual observations were coadded to produce spectra extending from 1140 to 3140Å with a resolution of approximately 1000. These two spectra are presented in Fig. 1 . The excellent match between the reddened and comparison spectral types can be easily seen in this figure. In addition, the superior nature of STIS ultraviolet spectra as compared to IUE spectra can be seen by comparing this figure with Fig. 1 of Gordon & Clayton (1998) which displays IUE spectra for similar spectral type stars.
Extinction Curves
The extinction curves for sightlines in the Magellanic Clouds were derived using the standard pair method. The reddened/comparison star pairs used are listed in Table A2. We rederived the 23 extinction curves presented in Gordon & Clayton (1998) and Misselt, Clayton, & Gordon (1999) to take into account the new calibration of IUE low-dispersion data (Massa & Fitzpatrick 2000) and the new optical and near-infrared photometry. The effects of the new calibration of the IUE spectra on the UV extinction curves was small, mainly reducing the noise in the curves. The one new extinction curve in the SMC for the AzV 23 sightline is presented in Fig. 1 at it's full spectral resolution.
We calculated all 24 extinction curves and their associated uncertainties as outlined in Gordon & Clayton (1998) . In addition, we removed the effects of the Lyα H I absorption using our measurements of the H I column (see §2.6). These extinction curves give the difference in extinction between the two sightlines to the reddened and comparison stars. The Milky Way foreground component is effectively removed as long as the reddening due to this component towards the reddened and comparison star pairs are similar (Misselt, Clayton, & Gordon 1999) . This results in an extinction curve that only measures dust in the Magellanic Clouds. All 24 extinction curves are plotted in Figs. 2-4.
FM Parameters
We fit each curve with the FM parameterization of the shape of the UV extinction curve (Fitzpatrick & Massa 1990 ). The FM parameterization is
(1) where
and
for x ≥ 5.9 and F (x) = 0 for x < 5.9. We determined the FM parameters for the extinction curves by numerically minimizing the χ 2 in a manner similar to that used by Fitzpatrick & Massa (1990) . First, x o and γ were fixed and the values of C 1 , C 2 , C 3 , and C 4 were determined by minimizing the χ 2 . Next, C 1 , C 2 , C 3 , C 4 , and γ were fixed and the value of x o was determined by minimizing the χ 2 . Finally, C 1 , C 2 , C 3 , C 4 , and x o were fixed and the value of γ was determined by minimizing the χ 2 . These two steps were repeated until the χ 2 no longer changed by a significant amount. This three step method gives a smaller χ 2 than doing a single χ 2 minimization while simultaneously fitting all 6 parameters. It is worth noting that there are probably only 5 independent parameters in the FM equation. While all evidence points to C 1 and C 2 being correlated in the Milky Way and the Magellanic Clouds (Fitzpatrick & Massa 1988; Misselt, Clayton, & Gordon 1999 ), we have not assumed this correlation.
For the 4 SMC Bar extinction curves, we set x o = 4.6 and γ = 1.0 as the weak to nonexistent 2175Å bumps in these curves precludes fitting all three bump parameters. This allows for a more realistic measurement of the bump strength or an upper limit for these weak bump sightlines.
The uncertainties in the FM parameters for low E(B − V ) sightlines are dominated by the uncertainty in E(B−V ) and the random uncertainties of each wavelength point. The uncertainties in the extinction curves were calculated using eq. 2 of Gordon & Clayton (1998) . From this equation, it can be seen that an uncertainty in E(B − V ) affects the extinction curve in a correlated way. Uncertainties in E(B − V ) do not add random noise to each wavelength point, but shift the entire extinction curve up and down. The random uncertainties at each wavelength point contribute a smaller uncertainty, except in the case of x o and γ. The contribution of uncertainties in E(B − V ) (σ[E(B − V )]) to the FM parameter uncertainties were calculated by fitting the two additional curves for each measured extinction curve which describe the effects of the E(B − V ) uncertainty. These curves
. The E(B − V ) uncertainties in each FM parameter were then one half the difference between the parameters for these two curves.
The FM parameter uncertainties due to the random uncertainties (σ(random)) were calculated using a Monte Carlo approach. Determining the random component of the FM parameter uncertainties is not usually done, but we found that the random component dominates the x o and γ uncertainties. This method consisted of generating 100,000 possible FM fits similar to the best FM fit and determining which ones fit equally well within 3σ using the F-test where the σ is only that due to random flux uncertainties. The resulting 1σ(random) uncertainties were determined by dividing by three. The reported FM uncertainties (see Table A3 ) were determined by summing in quadrature the E(B − V ) associated (σ[E(B − V )]) and random (σ(random)) uncertainties. The E(B − V ) uncertainties dominate the C 1 , C 2 , C 3 , and C 4 uncertainties, while the random uncertainties dominate the x o and γ uncertainties.
R V values
The value of R V = A V /E(B − V ) for each sightline was determined using a χ 2 minimization method. This method relies on the invariance of the RIJHK portion of the extinction curve (Rieke & Lebofsky 1985; Martin & Whittet 1990 ). The R V value for each extinction curve is the value which minimizes the χ 2 between the measured RIJHK extinction and the Rieke & Lebofsky (1985) curve. The equation giving ∂χ 2 /∂R V = 0 was solved and the analytic solution for R V was found. From this equation, the uncertainty for R V was derived. See the appendix for details of this derivation. The R V values and uncertainties are tabulated in Table A2 . Our method of using the RIJHK extinction curve itself to determine R V values is different from what is usually done. Usually the observed VRIJHK or just VK photometry of the reddened star is compared to assumed intrinsic colors (Morgan & Nandy 1982; Cardelli, Clayton, & Mathis 1989; Gordon & Clayton 1998; Misselt, Clayton, & Gordon 1999) . In the Magellanic Clouds, the reddened stars are usually first corrected for the average Milky Way foreground reddening (Morgan & Nandy 1982) . Instead, we have used the measured VRIJKH photometry for the matched comparison star and avoided having to assume intrinsic colors of the reddened star. This naturally removes the foreground Milky Way reddening and ensures that the measured R V value corresponds to the same dust column as the extinction curve. The CCM relationship for these R V values for each measured extinction curve is given in Figs. 2-4 . The effects of the uncertainty in R V on the CCM relationship is shown in these plots using dashed curves.
H I columns
We determined the H I column for each extinction curve using a variant of the method outlined in Bohlin (1975) . This method relies on fitting the wings of the Lyα absorption profile. As we are only interested in a measurement of the difference in the H I column between the reddened and comparison stars, we made this measurement in the ratio spectrum for each reddened and comparison star pair. The uncertainty in this measurement was estimated by eye, varying the H I value until it was noticeable incorrect. Two examples of this are shown in Fig. 5 . Basically, the strength of a model Lyα profile is adjusted until the division of the ratio spectrum by the model spectrum yields a straight line. The central wavelength of the Lyα line for the LMC and SMC is corrected for the heliocentric velocity of the LMC and SMC (280 and 130 km/s, respectively). The central region of the Lyα line is ignored as it is contaminated by geocoronal emission. This measurement is straightforward for the STIS data. For IUE data, this measurement is much more uncertain as the contamination by geocoronal emission is much larger and the spectra blueward of Lyα are very noisy. The red wing of Lyα was mainly used in the measurement of H I columns for the IUE data. The measured H I values and uncertainties are tabulated in Table A2 .
3. discussion
Comparison of Magellanic Cloud and Milky Way Extinction Curves
Now that we have produced full ultraviolet to nearinfrared extinction curves (in units of A(λ)/A(V )) for all the known Magellanic Cloud reddened/comparison star pairs, we can quantitatively compare them to Milky Way extinction curves. The R V dependent CCM relationship and the CCM sample extinction curves provides a nice, compact form for representing the properties of Milky Way dust found in the local interstellar medium. Thus, we can compare Milky Way and Magellanic Clouds dust by seeing if the CCM relationship is applicable to any of the individual extinction curves or describes aspects of the sample behavior of these curves.
To test if the CCM relationship accurately describes any of the individual extinction curves, we compare the full measured UV to NIR extinction curves to the appropriate CCM curve for the measured R V . This is done in Figs. 2-4 and includes curves showing the uncertainty in the measured curve as well as the uncertainty in the CCM curve due to uncertainty in the measured R V value. It should be remembered that the CCM relationship gives the average behavior at a particular R V and that individual curves can have small deviations from this average behavior and still follow the CCM relationship.
It is clear from Fig. 2 that the four curves located in the star-forming bar of the SMC (AzV 18, 23, 214, & 398) do not follow the CCM relationship. For the one curve located outside of the SMC bar (AzV 456), the CCM curve does a better job following the measured curve, but there still are significant deviations at the 2175Å bump and in the far-UV (> 7µm −1 ). Thus, there are no measured extinction curves in the SMC which follow the CCM relationship. In the LMC, there is one curve in the LMC2 sample (Sk -69 280) and three curves in the LMC-average sample (Sk -66 19, Sk -68 23, & Sk -69 108) which follow the CCM relationship within their uncertainties (Figs. 3-4) . Thus, there is evidence that the CCM relationship is at work in the LMC, but only in a limited sense as it describes only 4 out of the 19 measured extinction curves.
The most direct way to quantify how applicable the CCM relationship is in the Magellanic Clouds is to plot R −1 V versus A λ /A V . This was how the CCM relationship was originally presented by Cardelli, Clayton, & Mathis (1989) . Fig. 6 shows such plots for λ = 1200, 1500, 2200, & 2800Å and U and J bands. Since the CCM relationship represents the average extinction behavior as a function of R V , saying extinction measurements do not follow CCM is to say that they are beyond the scatter of the extinction curves which were used to derive the CCM relationship. In Fig. 6 , the small open circles without error bars give data for the extinction curves used to derive CCM and can be used to determine the scatter which is consistent with the CCM relationship. These plots show that at far-UV wavelengths (λ = 1200 & 1500Å) the CCM relationship forms a lower bound to the values of A(λ)/A(V ) at a particular value of R V . At longer wavelengths (λ ≥ 2200Å), the Magellanic Clouds measurements are indistinguishable from the CCM relationship within their uncertainties.
A final way to probe how well the CCM relationship works in the Magellanic Clouds is to examine behavior of the FM parameters as a function of R V . The FM parameters describe the UV extinction curve with only 6 parameters allowing for more sensitive tests to be performed. The FM parameters C 1 , C 2 , C 3 , and C 4 have a factor of R V embedded in them, we have plotted the equivalent R V -independent coefficients versus R −1 V in Fig. 7 . These R V -independent coefficients can be derived by examining eq. 1 converted from E(x − V )/E(B − V ) to A(x)/A(V ) units. The equation expressed this way is
. (5) The behavior of the (C 1 /R V + 1), C 2 /R V , C 3 /R V , and C 4 /R V coefficients do not follow the CCM relationship directly, but the CCM relationship does form a bound on the values of these coefficients as a function of R V . For example, all the values of C 2 /R V lie on or above the line defining the CCM relationship. In the plots of the other three coefficients, the CCM relationship forms an upper bound on their behaviors. In the case of x o and γ, CCM does not predict much of a dependence on R V and we do not see one for the Magellanic Clouds either. The values of x o and γ for the Magellanic Clouds have a much larger scatter than seen in the extinction curves defining CCM. For x o this scatter is consistent with the uncertainties in x o . For γ, the scatter is larger than can be accounted for by measurement uncertainties. Thus, it is either real or the result of measurement uncertainties we have not accounted for in our error analysis.
By examining the behavior of the Magellanic Cloud extinction curves with R V three different ways and comparing that behavior to that predicted by the R V dependent CCM relationship, we find evidence that the general behavior of Milky Way extinction curves is seen in the Magellanic Clouds. Not only are 4 LMC extinction curves indistinguishable from Milky Way extinction curves, but the general behavior of Milky Way extinction curves forms a bound on the general behavior of Magellanic Cloud extinction curves.
Super-CCM relationship?
While a small number of Magellanic Cloud extinction curves do seem to be well described by the CCM relationship, the majority do not. Yet there is strong evidence that the CCM relationship serves as a bound on the behavior of all the Magellanic Cloud extinction curves. This fact raises the question: Is there some more general relationship dependent on R V and at least one other parameter which describes the average behavior of the Milky Way and Magellanic Cloud extinction curves?
An indication that such a relationship might exist was presented by Clayton, Gordon, & Wolff (2000) for low density sightlines in the Milky Way which display some of the same deviations from CCM seen in the Magellanic Clouds. They found that the strength of the 2175Å bump ((πC 3 )/(2γ)) and the steepness of the ultraviolet extinction (C 2 ) were anti-correlated along the low density sightlines as well as for the average curves in the Magellanic Clouds (Gordon & Clayton 1998; Misselt, Clayton, & Gordon 1999) . We present a similar plot in Fig. 8 for the Magellanic Cloud extinction curves with the equivalent R V independent measures of the 2175Å bump strength and ultraviolet extinction steepness. This plot gives evidence for an anti-correlation between the strength of the 2175Å bump and the steepness of the ultraviolet extinction.
One possible second parameter could be the measured gas-to-dust ratio (N (HI)/A(V )). To test this we have plotted in Fig. 9 the gas-to-dust ratios versus the 2175Å bump strength and ultraviolet steepness values for the Magellanic Cloud extinction curves. The scatter in these two plots is quite large as are the uncertainties on the individual points. There might be real correlations in both plots, but higher quality data are needed. There would be reason to expect a correlation between the gas-to-dust ratio and the behavior of extinction curves. The gas-to-dust ratio is known to correlate with metallicity on a galaxy wide basis (Issa, MacLaren, & Wolfendale 1990) . On a local scale, it could be a measure of the formation and destruction history of dust grains. For example, the dust self-shielding will decrease with increasing gas-to-dust ratio making it easier for dust grains to be destroyed by the ambient radiation field. If the dust grains responsible for the 2175Å bump are easier to destroy than those responsible for the underlying ultraviolet extinction, a behavior like that seen in Fig. 9 would be expected.
SMC Bar extinction curves and the 2175Å bump
The extremely weak or absent 2175Å bump in the four SMC Bar extinction curves makes these curves unique. In all other measured extinction curves, the 2175Å bump is quite prominent. The obvious question is whether the weak 2175Å bump in the SMC Bar is due to Milky Way contamination or is intrinsic to the SMC. While only one of the four curves has a bump which is detected at greater than 3σ, the other three are all 2σ detections. The construction of the curves using SMC comparison stars should remove all the Milky Way foreground, but small differences between the reddened and comparison stars foreground could result in a weak 2175Å bump. A foreground contamination like this would result in a positive bump as often as a negative bump. Interestingly, one out of the four SMC Bump curves (AzV 214) has a 2σ detection of a negative bump and a negative far-UV curvature (C 4 ). The foreground contamination (in percent of total E(B − V ) with 1σ uncertainties) needed to produce spurious bump detections at the observed levels would have to be (25 ± 14)%, (39 ± 10)%, (10 ± 5)%, and (23 ± 13)% for AzV 18, 23, 214, and 398, respectively. These foreground contaminations are not unlikely given the low E(B − V ) values for these sightlines, especially given the large uncertainties. While it is difficult to definitively decide, the current evidence suggests that the carriers of the 2175Å bump could be completely absent from the dust in the SMC Bar sightlines.
Sample Average Curves
Since the Magellanic Cloud extinction curves display significantly different shapes than that seen in the Milky Way, average extinction curves of the LMC-average, LMC2-supershell, and SMC-Bar samples are of interest. These average curves capture the large scale variations in dust properties at higher signal-to-noise than the individual curves.
While past work has produced such average curves (Gordon & Clayton 1998; Misselt, Clayton, & Gordon 1999) , we can create more accurate average curves as the result of our determinations of R V values. We have averaged the individual curves in each sample in A(λ)/A(V ) units instead of E(λ − V )/E(B − V ) units as was done in previous work. E(λ − V )/E(B − V ) units are a relative measure of dust properties whereas A(λ)/A(V ) units are an absolute measure of the dust properties and, as a result, more accurately represent the effects of dust. For the LMC2 supershell sample, we have not used the results for Sk -69 256 in producing the LMC2 supershell average. It's extremely low R V value of 0.64 is likely the result of poor JHK photometry, contamination by nearby hot dust, or contamination by a red companion.
The sample average curves are given in Figure 10 and tabulated in Table A4 . The averages were calculated weighting by the uncertainties at each wavelength for each individual curve and in 0.25 µm −1 wide bins. The average values of R V and N(H I)/A(V) were also calculated weighting by the individual uncertainties and are tabulated in Table A2 . The average curves were fit with the FM parameterization and the best fit 6 FM parameters are given in Table A3 . The FM fits were done for wavelengths < 8.4 µm as this is the bluest wavelength in common between the IUE and STIS data. This fitting limit only affected the SMC Bar average.
For the SMC Bar, we find that R V = 2.74 ± 0.13 and N(H I)/A(V) = 13.18 ± 1.02 which is consistent with the results of Bouchet et al. (1985) and Gordon & Clayton (1998) . However, we do not find that the gas-to-dust ratio for AzV 456 (Sk 143) is similar to that of the Milky Way. For the Milky Way, N(H I)/A(V) ∼ 1.55 (Bohlin, Savage, & Drake 1978; Diplas & Savage 1994 ) and we find N(H I)/A(V) = 7.40 ± 1.20 for AzV 456 whereas Bouchet et al. (1985) found N(H I)/A(V) ∼ 2.6 assuming R V = 2.72 (the average R V for the entire SMC). The differences between our measurement and Bouchet et al. (1985) can be traced to our lower E(B − V ) and a lower R V value. These differences illustrate the difficulties of measuring such quantities for low reddening sightlines.
For the LMC2 supershell sample, we find that R V = 2.76±0.09 and N(H I)/A(V) = 6.97±0.67. Our gas-to-dust ratio is roughly consistent with results of Koornneef (1982) and Fitzpatrick (1985) who found N(H I)/A(V) ∼ 6.3 and 8.7, respectively. Our value of R V is lower than that of Clayton & Martin (1985) who found R V ∼ 3.5 but consistent with Misselt, Clayton, & Gordon (1999) . For the LMC average sample, we find that R V = 3.41 ± 0.06 and N(H I)/A(V) = 3.25 ± 0.28. These values are significantly different from those for the LMC2 supershell sample. The different gas-to-dust ratios is in conflict with the conclusions of Fitzpatrick (1986) who state that there are no gas-to-dust measurable differences between the non-30 Dor and 30 Dor samples. But, examination of their 6 shows that the non-30 Dor points fall consistently below 30 Dor gas-to-dust ratio implying that we are not in conflict with earlier work. The lower gas-to-dust ratio is especially interesting as it supports a systematic trend of more extreme extinction curves (smaller 2175Å bump and steeper far-UV rise) with rising gas-to-dust ratio (see §3.2).
conclusions
We have presented a quantitative, exhaustive comparison of all the known Magellanic Cloud extinction curves with a representative sample of Milky Way extinction curves. Like previous studies (Nandy & Morgan 1978; Lequeux et al. 1982; Prèvot et al. 1984; Clayton & Martin 1985; Fitzpatrick 1986; Gordon & Clayton 1998; Misselt, Clayton, & Gordon 1999) we find that both the LMC and SMC have examples of extinction curves qualitatively similar to those found in the Milky Way. Unlike previous studies, we are able to take this comparison one step further and make quantitative comparisons as we determined R V values for all Magellanic Cloud extinction curves. This allows for the comparison of Magellanic Cloud and Milky Way extinction curves to be done using measurements based on absolute dust properties (A(λ)/A(V )) instead of relative dust properties (E(λ − V )/E(B − V )). The importance of this difference is well illustrated by the work of Cardelli, Clayton, & Mathis (1989) where the comparison of Milky Way curves in A(λ)/A(V ) units allowed for the derivation of the R V dependent CCM relationship. We conclude that 4 extinction curves in the LMC are indistinguishable from Milky Way extinction curves and Milky Way extinction curves form a bound on the behavior of Magellanic Cloud extinction curves.
The majority of the Magellanic Cloud extinction curves are significantly different than Milky Way extinction curves and this is likely a result of Magellanic Cloud extinction curves probing quite different environments than the CCM sample of Milky Way extinction curves. The CCM sample is based on fairly quiescent sightlines and most of our extinction curve measurements in the Magellanic Clouds are biased towards quite active regions as they are based on OB supergiants. The systematic behavior of the curves studied in this paper hint at the existence of a multiparameter relationship (possibly dependent on R V and N (HI)/A(V )) describing both quiescent (CCM-like) and active extinction curves.
The different biases between the majority of the measured Milky Way and Magellanic Cloud extinction curves point to a weakness in our understanding of dust properties. The Magellanic Cloud extinction curves are biased towards active star forming regions (OB supergiant sightlines) and low dust columns. The Milky Way sightlines are less biased towards active star forming regions as they are mainly measured along sightlines towards OB main sequence stars. They are limited in their variety of dust properties probed as the measurements are generally limited to our local region of the Milky Way. Evidence that the type of dust seen in the Magellanic Clouds does exist in the Milky Way is seen along Milky Way low density sightlines (Clayton, Gordon, & Wolff 2000) . Higher dust column sightlines and sightlines towards main sequence stars need to be measured in the Magellanic Clouds to allow us to truly explore the possible range of dust properties.
The results of this work and those of Clayton, Gordon, & Wolff (2000) imply that the common usage of discussing Milky Way, LMC, and SMC dust as separate is inaccurate. In reality, a continuum of dust properties exists between that seen in the quiescent and active regions (eg., see Fig. 8 ). The usual average curves can then be arranged into a rough version of this sequence and it would be Milky Way (CCM) -LMC Average -SMC Wing (AzV 456) -LMC2 Supershell -SMC Bar. Ordering all the individual known extinction curves would produce an even greater mixing of Milky Way, LMC, and SMC curves. This work describes a qualitative view of the continuum of dust extinction curves. Quantifying the variation between quiescent and active region extinction curves would give valuable clues to the identities of dust grain properties.
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APPENDIX r v value and uncertainty equations
The derivation of the equations to determine value of R V and its uncertainty are given in this appendix. To the knowledge of the authors, these equations have not appeared in the literature before and are included in this paper as they may be of use to others. The equations below are equivalent to determining R V from individual colors and averaging the results weighted by the appropriate uncertainties.
The equation giving the χ 2 between the measured extinction curve and the Rieke & Lebofsky (1985) curve is
where
and A(λ i )/A(V ) is given in table 3 of Rieke & Lebofsky (1985) . Differentiating χ 2 with respect to R V and setting the result to zero gives
Using eq. 6.19 of Bevington & Robinson (1992) gives the uncertainty in R V as 
